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(54) Synchronizing circuit for a digital 
arrangement 

(57) Arrangement for synchronizing di- 
gital operating cycles with an external 
clock signal. The arrangement compris- 
es a calculating unit 5, and a circulating 
store 6 which produces a sequence of 
multi-bit coefficients in a predeter- 
mined order in each cycle. The store 6 
comprises switching means for circulat- 
ing the coefficients in the store either all 
coefficients being circulated in series, 
or each individual coefficient being in- 
ternally circulated in a particular sub- 
port of the store 6 In series. A counter 21 



produces a coefficient clock signal HM, 
and a counter 22 forms operating cycles 
synchronous with the word clock signal 
HM and starts each operating cycle at 
each characteristic transition of an ex- 
ternal clock signal HE appearing after 
the end of each cycle. The signal HE is 
reproduced from incoming data by a 
clock recovery circuit 2. The switching 
means in the store 6 are controlled by 
the counter 22 so that the sequence of 
coefficients circulate in series once In 
each cycle, the Individual coefficients 
circulating internally for the remaining 
period of time in the cycle. 
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SPECIFICATION 

Synchronizing circuit for a digital arrangement. 

* 5 The invention relates to a circuit for synchronizing 
a digital arrangement with an external clock pulse 
signal, the digital arrangement comprising a calcu- 
i lating unit receiving during each one of its cycles to 

be synchronized with the external clock pulse sig- 
10 nal both an external information to be entered into 
a buffer store and, thereafter, a sequence of coeffi- 
cients originating in a predetermined order from a 
circulating store formed by a number of shift regis- 
ters equal to the number of coefficients, these shift 
15 registers being shifted by pulses derived from a 
main clock pulse generator. 

The problem of synchronizing a digital arrange- 
ment of this type with an external clock pulse signal 
is, for example, encountered in a digital receiver for 
20 a data transmission system. In this case the re- 
levant digital arrangement may be an auto- 
adaptive passband or baseband equalizer which, as 
known, processes the received data by means of 
the automatically adjusted coefficients to compen- 
25 sate for the effects of the distortions of the trans- 
mission channel. 

In this example, the receiver comprises a clock 
recovery circuit to derive from the received data 
signal an external clock pulse signal in synchron- 
30 ism with the clock frequency of the data. The re- 
ceived data are coded in the rhythm of the external 
clock and transferred to a buffer store. During data 
transmission the equalizer operates correctly if, af- 
ter each characteristic transition of the external 
35 clock pulse signal, an operating cycle of constant 
duration for the calculating unit is started, each cy- 
cle comprising a first time interval for entering an 
external information Into the buffer store and a 
second time interval for directing the sequence of 
40 the coefficients stored in the circulating store to the 
calculating unit, which coefficients must appear in 
a predetermined order, that is to say beginning 
with a first predetermined coefficient and ending 
with a last predetermined coefficient. 
45 This synchronization of the operating cycles of 
the calculating unit poses a problem which has not 
been solved so far in a satisfactory manner if the 
use of dynamic shift registers in the circulating 
store is desirable. It is known that these registers 
50 must be continuously supplied with shift pulses as 
otherwise the stored information may get lost. 

The known synchronizing circuits utilize a circu- 
lating store implemented in a conventional manner 
. with registers arranged in cascade to form a loop 
' 55 so that, if the registers are continuously supplied 
with shift pulses, the sequence of coefficients 
appears continuously at the output of the circulat- 
ing store. To have the sequence of coefficients 
appear in the required predetermined order in each 
60 operating cycle of the calculating unit a shorter or 
longer interruption in the shift pulses cannot be 
avoided. In a known circuit, for example, the shift 
pulses are interrupted at the end of each cycle, that 
is to say when the last coefficient of the sequence 
cc nf rneffifiifints has aooeared, and they are restored 



at the beginning of the next cycle to have the first 
coefficient of the sequence appear at once. There- 
fore an interruption of the shift pulses is produced 
in such a circuit between each cycle during the data 
70 transmission and in order to acquire synchroniza- 
tion for a new transmission, the duration of the in- 
terruption may reach a value in the order of magni- 
tude of one clock period of the data. 
It is an object of the present invention to provide 
75 a synchronizing circuit permitting to effect and 
maintain the synchronization without interrupting 
the shift pulses to the registers of the circulating 
store, so that dynamic registers which notably have 
the advantage of being very suitable for an easy 
80 large scale integration, can be used. 

In accordance with the invention this synchroniz- 
ing circuit comprises switching means included in 
the circulating store for having the coefficients cir- 
culate either in series in the cascade-connected re- 
85 gisters or word by word, each coefficient circulat- 
ing in a register, means for deriving from the main 
clock a word clock corresponding to duration of cir- 
culating of a coefficient in a register, means for 
forming, in synchronism with the word clock, oper- 
90 ating cycles of constant duration for the calculating 
unit and a read signal for the buffer store at the 
beginning of each cycle, each cycle being started 
by a transition detection circuit arranged for detect- 
ing at the occurrence of a word clock pulse the 
95 characteristic transition of the external clock pulse 
signal appearing after the end of each cycle, said 
switching means being controlled so that the coef- 
ficients circulate word-by-word from the end of 
each cycle to the instant at which within the next 
100 cycle the buffer store having been read has ended 
and that thereafter said sequence of coefficients 
circulates in series until the end of the said next 
cycle. 

As the circuit according to the invention also 

105 offers the advantage of a high-speed synchroniza- 
tion and a simple adaptation to the external clock 
frequency, it may be advantageous to use it even if 
the circulating store is implemented with the aid of 
static flipflop registers. 

110 An embodiment of the invention will now be de- 
scribed in greater detail, by way of example, with 
reference to the accompanying drawings. 

Figure 1 shows a circuit diagram of the synchro- 
nizing circuit according to the invention, 

115 F/gure 2 shows the implementation of a circulat- 
ing store as used in known synchronizing circuits. 
Figure 3 shows the implementation of a circulat- 
ing store as used in synchronizing circuits accord- 
ing to the invention, 

120 Figure 4 shows various signal diagrams for the 
purpose of explaining the operation of the circuit 
according to the invention. 

The block diagram of Figure 1 shows the syn- 
chronizing circuit according to the invention in the 

125 case, given by way of example, that it is included in 
a receiver of a data transmission system. The data 
signals transmitted by the remote transmitter 
appear at an input terminal 1 of the receiver. This 
received data signal is applied to a clock recovery 

130 circuit 2 for recovering the data clock as used in the 
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transmitter, which recovery circuit 2 continuously 
produces an external clock pulse signal HE at its 
output ternninal 3, said external clock pulse signal 
becoming synchronous to the data clock during the 

g data transmission. The frequency of this externa! 
clock is, for example, 2400 Hz for a transmission at 
a speed of 2400 baud. The data signal received in 
analog form is also applied to a sampllng-and- 
coding device 4 operating in the rhythm of the ex- 
ternal clock and providing, in this rhythm, coded 
samples of the received data signal, generally de- 
noted external digital information. This external di- 
gital information is processed in a digital arrange- 
ment which is, for example, in the above- 
mentioned case a known auto-adaptive line 
equalizer and comprises a calculating unit 5 and a 
circulating store 6 for storing the coefficients to be 
used in the calculating unit 5. 
The external digital information supplied by the 

20 sampling- and- coding device is transferred to an 
input? of the calculating units by means of a buf- 
fer store 8, which must be read, as will be explained 
hereinafter, at instants which are suitable for 
obtaining synchronization of the digital arrange- 

25 ment. To this end a read signal is applied to a ter- 
minal 9 of the buffer store 8. The calculating unit 5 
provides the processed external information, 
which is passed to an output terminal 1 0 of the di- 
gital arrangement by means of an AND-gate 1 1 . 

30 Processing the external information in the calculat- 
ing unit 5 is done by means of a certain number of 
coefficients stored in the circulating store 6 and 
appearing sequentially at an output 12 of this store 
in a predetermined order, their bits being in series* 

35 In the above-mentioned example, in which the di- 
gital arrangement is an auto-adaptive equalizer, it 
is known that the coefficients are periodically in- 
cremented and in Figure 1 the increments of the 
coefficients, which are assumed to have been cal- 

40 culated somewhere else, appear at a terminal 13 
and are applied to an input 14 of the circulating 
store 6 by means of an AND-gate 15/ 

A clock pulse generator 16 produces the main 
clock signal H whose frequency determines the 

45 rhythm of the bits in the digital arangement, which 
frequency is of course high with respect to that of 
the external clock-pulse signal. The main clock sig- 
nal H is applied to the clock recovery circuit 2 for 
synchronizing the leading edges of the external 

50 clock pulse signal HE with the leading edges of the 
main clock signal H. This main clock signal is also 
applied to the calculating unit 5 and, finally, to a ter- 
minal 17 of the circulating store 6 for controlling 
the appearance of the bits of the coefficients at the 

55 output 12 of this store. 

For simplicity of the description it is assumed 
hereinafter that the digital arrangement utilizes five 
coefficients Ai to As, each containing three bits bi, 
b2, ba. In order to achieve that the digital arrange- 

50 ment functions correctly during the data transmis- 
sion, an operating cycle of the calculating unit 5 
must be started after each characteristic transition 
of the external clock pulse signal HE, which operat- 
ing cycle comprises a first time interval for entering 

55 an external information into the buffer store 8 and a 



second time interval for having the sequence of the 
five coefficients Ai to As appear at the output 12 of 
the circulating store 6, starting with the first bit bi of 
the first coefficient Ai and ending with the last bit bs 
70 ofthe last coefficient As. - 
^he circulating store 6 may be implemented in 
the normal way as indicated in Figure 2, which 
shows the terminals 12, 14, 17 also shown in Figure- 

1. This store comprises a shift register 18 which 

75 may be considered as composed of five elementary 
registers of three elements each in a cascade 
arrangement, so that this register can store the five 
coefficients Ai to As having 3 bits bi, b2, ba, which 
coefficients are arranged in the desired order as in- 

80 dicated in Figure 2. The output of this register 18 is 
coupled with its input via an input of an adder 19 
connected to this input and whose other input is 
connected to the terminal 14 for receiving the incre- 
ments of the coefficients. When the main clock sig- 

85 nal H is present at the terminal 17 it produces the 
shift pulses for the register 18 and the coefficients 
circulate serially in the register and appear at the 
output 12 of the store 6. 
The synchronization ofthe operating cycles of 

90 the calculating units, as discussed in detail above, 
presents a problem which has not yet been solved 
in a satisfactory manner when a circulating store 6 
is used which is implemented, as shown in Figure 

2, with a shift register 18 ofthe dynamic type. It is 
95 known that with this type of registers utilizing, for 

example, MOS transistors and associated storage 
capacitors, the interruptions in the shift pulses 
must be avoided and these shift pulses must be 
continuously maintained for high-performance re- 

100 gisters, as otherwise there is a risk that the stored 
information is lost because of inevitable losses in 
the storage capacitors. 

However, a shorter or longer interruption in the 
shift pulses cannot be avoided in the known syn- 

105 chronizing circuits utilizing a circulating store 6 
arranged in the manner shown in Figure 2. 

In a known synchronizing circuit, an operating 
cycle of constant duration for the calculating unit 5 
is started at each characteristic transition ofthe ex- 

110 ternal clock pulse signal HE which is detected in 
synchronism with the pulses of the main clock sig- 
nal H. The shift pulses are interrupted at the end of 
the second time interval of each operating cycle, 
that is to say when the last bit ba ofthe last coeffi- 

115 cient As has appeared at the output 12 ofthe store 
6, and they are not reinstated until after the end of ^ 
the first time interval of the next cycle for having 
the first bit bi ofthe first coefficient Ai appear at the 
output 12. Thus, during the time interval between 

120 two data transmissions, the synchronizing circuit 
functions with an external clock pulse signal HE 
whose phase and frequency are poorly defined 
and, during the transmission of data, with an exter- 
nal clock pulse signal HE in synchronism with the 

125 data clock. The duration ofthe interruption in the 
shift pulses is therefore approximately equal to the 
necessary difference between the duration of an 
operating cycle and the period ofthe external clock 
pulse signal HE. To obtain synchronization for a 

130 new data transmission, which may occur at any in- 
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stant of the above-described operation cycle, the 
duration of the interruption in the shift pulses may 
even attain a value equal to one period of the exter- 
nal clock pulse signal HE. 
i 5 On the contrary the present invention provides a 
circuit permitting to obtain synchronization of the 
digital arrangement without any interruption of the 
. shift pulses, so that it is possible to utilize the tech- 
nique of dynamic registers in the circulating store 6 
10 without any restriction which technique is very 
advantageous for large scale integration. 

The synchronization circuit of the invention util- 
izes a coefficient store 6 implemented as shown in 
Figure 3. A certain number of identical elements in 
15 Figures 2 and 3 have the same reference numerals. 
To store five 3-bits coefficients this store is com- 
posed of five distinct shift registers Ri to Rb, each 
■ arranged for containing 3 bits. Arranged between 
the registers Ri and R2 there is a switch CRi which 
20 connects the input of the register Ri either to the 
output of the register R? or to the output of the re- 
gister Ri, depending on whether it is in the position 
ror t. Switches Cr2, Cra, Cr^ having a similar role as 
Cn, are arranged respectively between the regis- 
25 ters R2 and Ra, Ra and R4, R4 and R5. Finally, a svyitch 
CRs enables connection of the input of the register 
Rs to either the output of this register or the output 
of the register Ri by means of the adder circuit 19, 
The output of the register Ri is connected to the 
30 coefficient output 12 of the store 6. The shift pulses 
of the five registeres Ri to Rs are constituted by the 
main clock signal H appearing at the terminal 17. 
Finally, the five switches Cri to Crs are controlled 
simultaneously by a binary control signal CM 
35 appearing at a terminal 20. Figure 3 shows the con- 
tent of the store 6 at a given instant at which the 
registers Ri to Rb contain the 3 bits bi, b2, bs of the 
coefficients Ai to As, respectively. When the control 
signal CM moves the switches Cri to Crs tothe posi- 
40 tion r, it will be seen that the assembly of the five 
registers Ri to Rs arranged in cascade to form a loop 
behaves like the register 18 in Figure 2 and the 
store efunctions as a circulating store supplying at 
its output 12 the sequence of five coefficients Ai to 
45 As during the period of time all these coefficients 
recirculate. When the control signal CM moves the 
switches Cri to Crs to the position r, the output of 
each register Ri to Rs is fed back to its input and 
each coefficient consequently circulates in each re- 
50 gister; this mode of circulation of the coefficients 
will be called word-by-word circulation hereinafter. 

So the synchronizing circuit in accordance with 
the invention utilizes a store 6 as shown in Figure 3 
consists of different circuits which are shown in Fi- 
55 gure 1 and whose operation and arrangement will 
be described with reference to the signal diagrams 
of Figure 4. 

The diagram 4a represents the external clock 
pulse signal HE which is applied to the output 3 of 
60 the clock recovery circuit 2. The characteristic tran- 
sitions of this clock pulse signal HE are the ascend- 
ing transitions provided with arrows. The clock re- 
covery circuit 2 comprises a controllable frequency 
oscillator 40 which receives the main clock signal H 
ee anH whir.h is nrnvided in a conventional manner 



with a phase-locked loop, not shown, for applying 
an external clock pulse signal HE, whose character- 
istic transitions are in phase with those of the main 
clock signal H to the output terminal 3. If no signal 

7Q at all is received at terminal 1, the oscillator 40 pro- 
duces a signal HE whose frequency and phase are 
not controlled in any other way. In addition, the 
clock recovery circuit 2 comprises means for 
achieving the synchronization of the external clock 

75 pulse signal HEtothe data clock, from the moment 
a data signal appears at the terminal 1 during a new 
transmission. This means consists of a circuit 41 
which detects the transitions of the signal received 
at the terminal 1 and a circuit 42 which immediately 

80 detects whether a data signal is received at the ter- 
minal 1 and produces a rapid synchronization sig- 
nal SR In that case. The circuit 41 detects first of all 
the transitions of the data clock signal transmitted 
before the actual data transmission, thereafter the 

35 transitions of the data signal during the transmis- 
sion. The signals produced by the circuits 41 and 42 
are applied to the controllable frequency oscilla- - 
tor 40 which then produces an external clock pulse 
signal HE which is synchronous with the data dock 

9Q from the instant a data signal appears at the ter- 
minal 1. The point 2 in diagrams 4a represents such 
an instant. Prior to the instant t2, the external clock 
pulse signal HE for which the characteristic transi- 
tion Tro produced at the instant to is indicated in Fi- 

95 gure 4, has any phase. At the instant t2 at which the 
data transmission starts, the external clock pulse 
signal HE changes its phase abruptly and shows 
the characteristic transition Tn, which is synchro- 
nous with the data clock. After the instant t2 during 

100 ^^^^ transmission the external clock pulse sig- 
nal HE shows successively the characteristic transi- 
tions Tra, Tra, .. etc. The hatched areas of diagram 4a 
represent the time intervals following the charac- 
teristic transitions Tri,Tr2, Tra,. , .etc., during which 

105 ^3^3 received at the terminal 1, encoded in the 
sampling- and- coding device 4 and thereafter 
transferred to the buffer store 8 must be entered 
into this buffer store 8. 
The main clock signal H produced by the gener- 
al 10 ator 16 is shown in diagram 46. Its ascending tran- 
sitions are used as shift phase pulses in the regis- 
ters constituting the store 6 and are also used, as 
explained above, for synchronizing the external 
clock pulse signal HE produced by the oscillator 40. 

1 1 5 The main clock signal H is also applied to a pulse 
counter 21 which is arranged as a frequency divider 
and which produces the word clock signal HM 
shown in diagram 4c. One period of the word clock 
signal HM is equal to the time required to circulate 

120 one coefficient In one of the registers Rt to Rs con- 
stituting the store 6. In the chosen example where 
the coefficient consists of three bits, one period of 
the word clock signal HM is equal to three periods 
of the main clock signal H. 

125 The word clock signal HM is applied to a pulse 
counter 22 which is reset to zero by a pulse of a 
reset signal (RAZ) applied to its terminal 23 and 
which counts a certain number of word clock 
pulses until it has attained its final position. There- 

130 after this counter 22 remains in this final position 
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until appearance of the next pulse of the reset sig- 
nal which is produced as will be explained 
hereinafter. At an output 24 of counter 22 an end- 
of-cycle signal FC is obtained, which indicates that 
5 the final position has been reached. This signal FC 
is shown in diagram 4cf. At instants such as ti, % 
which coincide with the descending transitions of 
certain pulses of the signal HMr the counter 22 is 
reset to zero and the signal FC becomes equal to 
10 "0". Thereafter, the counter 22 counts the ascend- 
ing transitions of the word clock signal HM and the 
signal FC remains equal to "0" until the Instant that 
the counter arrives in its final position, correspond- 
ing to 6 counted transitions in this present exam- 
15 pie. At instants such as ts and t? the signal FC be- 
comes equal to "1". The time intervals during 
which the signal FC has the value "0" have the 
same duration t, which is equal to the duration of 
one operating cycle of the calculating unit 5. In 
20 view of the above, it will be clear that an operating 
cycle does not stop until its very end once it has 
been started. In each of these operating cycles 
there is a distinct first time interval of duration ti 
indicated as a hatched zone in diagram 4dand ex- 
25 tending from the instant at which the counter 22 is 
reset to zero to the instant at wich the first ascend- 
ing transition of the word clock signal HM appears 
at the input of the counter 22- The counter 22 com- 
prises an appropriate decoding circuit to produce 
30 at its output terminal 25 a signal which controls the 
read procedure of an external information into the 
buffer store 8 during each time interval ti. Each 
operating cycle comprises a second time interval of 
duration t2 which extends from the instant at which 
35 the counter 22 counts a first ascending transition of 
the word clock signal HM to the instant at which 
this counter reaches its final position which, in this 
example, corresponds to 6 ascending transitions of 
the word clock signal. Each duration t2 has a value 
40 corresponding to five word clock periods and the 
sequence of five coefficients Ai to As appears at the 
output 12 of the store 6 during these time intervals 
of duration tz in order to be utilized in the proces- 
sing of the external information read during the in- 
45 terval ti. Later in this description it will be explained 
how the signal CM appearing at an output 26 of the 
counter 22 is obtained to control in an appropriate 
manner the circulation of the coefficients in the re- 
gisters of the store 6. 
50 It will now be explained how the zero reset signal 
is produced which is applied to the terminal 23 of 
the counher 22 for resetting this counter to zero af- 
ter it has reached its final position, that is to say 
when the end-of-cyc!e signal FC is equal to "1". To 
55 obtain this zero reset signal RAZ the word clock sig- 
nal HM and the end-of-cycle signal FC are applied 
to the AND-gate 27 which produces a signal EHE 
shown in diagram 4e. This signal EHE comprising 
the pulses of the word clock signal HM outside the 
60 operating cycles is applied to a circuit 28 for detect- 
ing transitions in one predetermined direction, 
which circuit 28 also receives the external clock 
pulse signal HE. In the transition detection circuit 
28 the signal EHE is used to sample the external 
65 clock pulse signal HE and at each characteristic 



transition of the external clock pulse signal HE it 
passes a pulse of the signal EHE to the output 29 of 
the transition detection circuit 28. The signal 
obtained at this output 29 is shown in diagram Af, it 
70 constitutes the zero reset signal RAZ applied to the ^ 
terminal 23 of counter 22 for resetting this counter 
to zero, this resetting procedure being controlled 
by the descending transitions of the signal RAZ at , 
instants such as ti and ts. 
75 Diagram 4g shows the signal CM which is pro- 
duced at the output 26 of counter 22 and must be 
applied to the terminal 20 of the store 6 in order to 
control, as shown in Figure 3, the switches Cn to 
Crs,that is to say the mode of circulation of the 
80 coefficients in the registers Ri to Rs. The signal CM 
Is equal to "0" during time intervals of duration T2, 
which are delayed over the width of one pulse with 
respect to the intervals of the same duration t2 of 
the diagram 4d. Taking account of the explications 
85 given above with reference to diagram 4d, it is easy 
to see how the signal CM is produced. In each of 
the time intervals tz in which the signal CM is equal 
to "0" the switches Cn to Grs of buffer store 6 are in 
the position rso that the five coefficients Ai to As 
gQ circulate in series in the registers Ri to Rs and 
appear successively at the output 12 of the store 6, 
their bits bi, bz, bs being in series. As shown in dia- 
gram 4/7, the appearance of the five coefficients in 
series at the output 1 2 occurs during the intervals 
95 of duration t2, shown in diagram 4of, starting with 
the first bit bi of the first coefficient Ai and ending 
with the last bit ba of the last coefficient As. This 
signal CM has the value "1 " during time Intervals 
whose variable duration is always a multiple of one 
100 word clock period. During these time intervals in 
which the signal CM is equal to "1", the switches 
Cri to Crs are in the position t, so that the coeffi- 
cients Ai to As circulate word-by-word, that is to say 
each in a respective one of the registers Ri to Rs, 
105 and only the 3 bits bi, b2,b3 of the coefficient Ai 
appear at the output 12 of the store 6. As shown In 
diagram Ah this appearance of the coefficient Ai at 
the output 12 occurs during the time intervals out- 
side the intervals of duration t2, shown in diagram 
110 4d, starting with the f i rst bit bi of the coefficient Ai 
and ending with the last bit ba of this coefficient Ai. 

Rnally, diagram 4/ shows the signal MC which is 
produced in a circuit 30 and applied on the one 
hand to the AND-gate 15 to allow the modification 
1 15 of the coefficients In the store 6 by the increments 
appearing at the terminal 13 and, on the other 
hand, to the AND-gate 1 1 to allow the transfer of 
the information produced by the calculating unit 5 
to the output terminal 10 of the digital arrange- 
120 rnent. The state of this signal MC changes from "0''' 
to "1" when the digital arrangement is in synchron- 
ism, that is to say when, after reception of a data 
signal at the terminal 1 for a new data transmis- 
sion, the sequence of five coefficients Ai to As be- 
125 9'"^ appear at the output 1 2 of the store 6. From 
the above explanations it follows that the circuit 30 
may be implemented, for example, by means of a 
flipfiop whose state is changed at the end of the 
read signal for the buffer store 8 appearing at the 
130 terminal 25 of the counter 22, which change does 
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not take place until after the appearance of the 
rapid synchronizing signal SR at the output of the 
signal detector 42. 
The operationof the overall synchronizing circuit 
*5 of the invention will now be described with refeer- 
ence to the diagrams of Figure 4, Prior to the in- 
stant ta no data signal appears at the input terminal 
, 1 and after the characteristic transition Tro at the 
instant to of the external clock pulse signal HE no 
10 external information is coded by the sampling- 
and-coding circuit 4 and transferred to the buffer 
store 8. But, owing to the procedure described 
above, the transition Tro starts an operating cycle of 
a duration t which begins at the instant t and ends 
15 at the instant ta and which is expressed by a value 
"0" of the signal FC. As shown in diagram 4a the 
coefficients in the store 6 circulate word-by-word 
prior to the instant to and during the interval of 
duration ti of the cycle; thereafter they circulate in 
20 series until the instant ts of the end of the cycle. 
Assuming that the signal MC {diagram 4/) is equal 
to "0" the coefficients circulating in the store 6 are 
not modified and any information produced by the 
calculating unit 5 is not taken into account. 
25 When a data signal appears at the input terminal 
1 , the rapid synchronizing signal SR produced by 
the signal detector 42 determines the appearance 
of the characteristic transition Tn of the external 
clock pulse signal HE at the instant tz, which transi- 
30 tion Tn is In synchronism with the data clock and 
occurs, for example, during the cycle between ti to 
t3. After this transition Tn an external information is 
coded in the sampling-and-coding circuit 4 and 
transferred tothe buffer store 8, where it can only 
35 be read during the time interval following the tran- 
sition Tr2 and shown in diagram 4a in the form of a 
hatched area. 

After the instant U at which the first cycle, de- 
scribed above, ends the coefficients in the store 6 
40 circulate word-by-word and a new cycle will not be 
started until after the appearance of the character- - 
istic transition Tr2 of the signal HE at the instant t4. 
The transition Tr2 starts the coding of a second ex- 
ternal information which is transferred to the buffer 
45 store 8. Detecting the transition Trz by means of the 
above-described procedure starts a second cycle of 
duration T which begins at the instant ts, ends at the 
instant t7 and Is expressed by a value "0" for the 
signal FC. During the first time interval n of the 
50 second cycle the coefficients circulate again word- 
by-word, which first interval ti ends at the instant 
ts.During this time interval ti the external informa- 
tion which was coded after the transition Tn and 
entered into the buffer store 8 is read from this store 
' 55 in order to be directed to thecal cu I ating unit 5. 
Starting at the instant te and until the end h of the 
second cycle the coefficients circulate in series in 
the store 6 and appear in this form at the output 1 2 
to be directed to the calculating unit 5. The signal 
60 MC becomes equal to "1 also from the instant te, 
so that the coefficients in the store 6 can be mod- 
ified and the information processed by the calculat- 
ing unit 5 may be taken into account. 
New operating cycles of the calculating unit 5 are 
At; effected in the same manner after the end t7 of the 



second cycle, each new cycle being started by a 
characteristic transition of the external clock pulse 
signal HE, the signal MC remaining equal to "1" to 
allow the modification of the coefficients and to 

70 take the processed information into account. 
It is obvious that with the synchronizing circuit 
described above the shift pulses in the registers 
forming the store 6 are never interrupted, which 
makes it possible to use registers of the dynamic 

75 type which can be implemented very easily in large 
scale integration techniques. But the circuit accord- 
ing to the invention can also be used advan- 
tageously with circulating stores composed of sta- 
tic flipf lop registers for its offers in any case the 

80 advantage that it is very rapid in acquiring synchro- 
nization, in fact within less than one period of the 
external clock pulse signal HE. In addition, this cir- 
cuit adapts Itself automatically to any frequency of 
the external clock pulse signal, provided that the 

85 predetermined duration of an operating cycle is 
shorter than the period of this external clock pulse 
signal. 

The invention has been described for the case 
where It is used in a data transmission receiver in 

90 order to synchronize a digital arrangement such as 
an equalizer. However, it will be evident that It can 
also be used for anyother digital processing 
arrangements, which receives the information to 
be processed in a rhythm independent of its inter- 

95 nal clock signal. 

CLAIMS 

1. A circuit for synchronizing a digital arrange- 

100 ment with an external clock pulse signal, the digital 
arrangement comprising a calculating unit receiv- 
ing during each one of its cycle to be synchronized 
with the external clock pulse signal both an exter- 
nal information to be entered into a buffer store 

105 and, thereafter, a sequence of coefficients originat- 
ing in a predetermined orderfrom a circulating 
store formed by a number of shift registers equal to 
the number of coefficients, these shift registers 
being shifted by pulses derived from a main clock 

1 1 0 generator, characterized in that the synchronizing 
circuit store for having the coefficients circulate 
either in series in the cascade-connected registers 
or word-by-word, each coefficient circulating in a 
register, means for deriving from the main clock a 

1 1 5 word clock corresponding to the duration of circu- 
lation of a coefficient in a register, means for forrri- 
ing in synchronism with the word-clock, operating 
cycles of constant duration for the calculating^nit 
and a read signal for the buffer store at the begin- 

120 ning of each cycle, each cycle being started by a 
transition detection circuit arranged for detecting at 
the occurrence of a word clock pulse the character- 
istic transition of the external clock pulse signal 
appearing after the end of each cycle, said switch- 

125 '"9 means being controlled so that the coefficients 
circulate word-by-word from the end of each cycle 
to the instant at which within the next cycle the buf- 
fer store has been read and that thereafter said 
sequence of coefficients circulates in series until 

130 the end of the said next cycle. 
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2. A circuit as claimed in Claim 1, characterised 
in that for forming the operating cycles of the calcu- 
lating unit it comprises a word clock pulse counter 
which is reset to zero by the pulses of a zero reset 

5 signal and which counts until it has attained its final 
position a predetermined number of word clock 
pulses corresponding to the duration of one cycle, 
the pulses of the zero reset signal being obtained 
from the output of a circuit for detecting transitions 

10 in a predetermined direction in which the external 
cibck pulse signal is sampled by means of the 
pulses produced by an AND-gate receiving the 
pulses of the word clock and an end-of-cycle signal 
indicating that the final position of the counter has 

15 been reached, which counter is provided with de- 
coding means for forming the read signal for said 
buffer store from the instant at which the counter is 
reset to zero to the instant at which it attains an 
intermediary position and for controlling the 

20 switching means of the circulating store so that the 
coefficients circulate word-by-word from each in- 
stant at which the counter attains its final position 
at the end of a cycle to the instant at which it attains 
said Intermediate position inthe next cycle and said 

25 predetermined sequence of coefficients circulates 
in series between the instants at which the coun- 
ter attains said intermediate position and its final 
position in each cycle. 

3. A circuit as claimed in any of the Claims 1 or 
30 2, characterised In that the circulating store is com- 
posed of shift registers of the dynamic type. 

4. A receiver of a data transmission system 
comprising a data clock recovery circuit producing 
the external clock pulse signal, a sampling-and- 

35 coding circuit produced coded samples of a re- 
ceived data signal for transfer to a buffer store, a 
digital arrangement for processing said coded 
samples by means of coefficients supplied by a cir- 
culating store, which digital arrangement is pro- 

40 vided with a synchronization circuit as claimed in 
any of the Claims 1 to 3, characterized in that said 
recovery circuit comprises a controllable frequency 
oscillator which continuously produces an extemal 
clock pulse signal and which is provided with a cir- 

45 cuit for detecting the transitions in the received 
data signal and with a data signal detection circuit 
for producing a characteristic transition of the ex- 
temal clock pulse signal in synchronism with the 
data clock as soon as the data signal is received. 

50 5, A receiver as claimed in Claim 4, provided 
with a digital arrangement using adjustable coeffi- 
cients, characterized in that it comprises a circuit 
arranged for detecting the instant at which the first 
serial circulation of the sequence of coefficients is 

55 started subsequent to the appearance of a data sig- 
nal at the input of the receiver and for allowing the 
modification of the coefficients and for taking the 
processed information into account from that in- 
stant onwards. 

60 6. A circuit for synchronizing digital arrange- 
ment with an external clock pulse signal, substan- 
tially as hereinbefore described with reference to 
Figures 1, 3 and 4 of the accompanying drawings. 
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